Supplementary Discussion
The direct use of a raw nanotube leads to an uncontrolled migration of the nanoparticles under the application of a bias voltage. This results from the structural reorganization undergone by the CNT during the first application of the bias. Supplementary Movie 5 presents one of these experiments in high-resolution. The initial stage of the CNT/FLG system is presented in Supplementary Fig. 8a . Some of the Fe 3-x O 4 NPs are attached to the nanotube external surface.
After the nanotube was connected to the FLG sheet the bias is stepped up by about 15mV/s. The first observation of the nanoparticles' melting takes place after 72s at a current intensity of ~51μA. At first, the melting appears only for two small nanoparticles located in the close vicinity of the CNT/FLG contact. The fact that the melting starts with these particles shows that the contact resistance between the CNT and FLG is slightly higher than the overall resistance of the CNT and this generates a higher Joule heating in the contact vicinity. Then the bias is kept at the same value for ~12s and no major modification occurs showing that the system's temperature rapidly reaches a uniform distribution. When the bias starts increasing again, more NPs do melt close to the CNT/FLG contact point (56μA) followed by a rapid "backward" moving of the NPs against the direction of the ⃗⃗⃗⃗ (88s). The "backward" migration of the nanoparticles sitting at the end of a CNT close to the contact with the FLG sheet is a common phenomenon when the current is instantly jumping to higher values. This is due to a temperature gradient arising from the higher temperature reached at the contact point between the CNT and the FLG that forces the melted nanoparticles to move to a colder region inside the CNT (thermomigration). The thermomigration force ( ⃗⃗⃗⃗ ) only appears when the current increases in an uncontrolled way and rapidly stops due to the stabilization of the system's temperature. The nanoparticle melting first appears inside the nanotube while the nanoparticles sitting on the tube walls remain stable for a longer time. Around t=100s at a current intensity of 58μA nanoparticles do appear on the FLG surface. The iron continues to accumulate on the FLG surface in an uncontrolled way and around t=125s (78μA), due to the high temperature reached, the nanoparticle does graphitize the CNT/FLG contact ( Supplementary Fig. 8b ). However the contact graphitization does not induce an increase of the current flowing through the system. When the bias is further increased the nanoparticles will start moving on the FLG surface continuing to graphitize it. At the end of the experiment, after reaching a maximum current intensity of 220μA, the FLG surface is decorated with a 30nm in diameter metallic Fe nanoparticle and small iron clusters ripped off from the large nanoparticle (Supplementary Fig. 8c and 8d ).
